Is the expression of sense and antisense transgenes really suffi cient for artifi cial piRNA production?
Keisuke Shoji and Susumu Katsuma* Animals have evolved an elegant defense system against a diverse range of selfi sh elements such as transposons. In animal germ line cells, PIWI proteins and small RNAs associated with PIWI proteins (piRNAs) are at the heart of this defense system. piRNAs are 23-30-nt-long small RNAs that act as sequence-specifi c guides for PIWI proteins. PIWI proteins possess a slicer activity that is guided by piRNAs; the PIWI-piRNA complex thus silences transposon activity by cleaving transposon RNAs [1] . At present, how de novo piRNA production occurs against a new non-self element is largely unknown. A recent study by Itou et al. [2] using reporter transgenic mice concluded that the concomitant expression of sense and antisense RNA transcripts is suffi cient for piRNA production. Our bioinformatic analysis using the same piRNA datasets, however, demonstrates that the introduction of the antisense reporter construct alone produces transgene-derived piRNAs, which is inconsistent with a part of the conclusions of Itou et al. [2] .
The biogenesis of piRNAs initiates with the fragmentation of putative long, single-stranded piRNA precursors by Zucchini endoribonuclease [3, 4] . The fragmented RNAs are incorporated into a subset of PIWI proteins with a specifi c nucleotide preference for uracil (1U) at the 5 end of the associated RNA [5] . The 3 end of the associated RNA is then trimmed by an unidentifi ed nuclease called Trimmer. This process is called the primary processing pathway. The PIWI-primary piRNA complexes then cleave their complementary targets across from positions 10 and 11 from the guide piRNAs [1] . The 3 RNA fragments are in turn incorporated into another subset of PIWI proteins, and again processed into mature secondary piRNAs with adenine at position 10 (10A) that precisely overlaps with 1U piRNAs by 10 nt [1] . Next, these secondary 10A piRNAs generate secondary 1U piRNAs by cleaving their complementary target RNAs. This cleavage-dependent piRNA biogenesis is called a pingpong amplifi cation cycle [1] . The system has been shown to be broadly conserved among animals including fl ies, mice, zebrafi sh, and silkworm.
How does de novo piRNA production initiate against a new invading non-self element? To solve this issue, transgenic approaches using EGFP-expressing transgene cassettes have been utilized in fl ies, mice, and silkworm [6] [7] [8] . The results of these studies clearly show that the integration of a transgene cassette into the specifi c, active piRNA cluster is critical for de novo piRNA production. The recent study by Itou et al. [2] published in Current Biology, however, appears to upend this concept. They developed an artifi cial piRNA production system in mice by expressing sense and antisense EGFP mRNAs in embryonic male germ cells during the piRNA biogenesis stage. On the basis of these experiments, they argue that concomitant expression of sense and antisense RNA transcripts is necessary and suffi cient for piRNA production and subsequent piRNAdependent gene silencing [2] .
To investigate why such a discrepancy is observed between the study by Itou et al. [2] and previous studies [6] [7] [8] , we performed bioinformatic analysis using piRNA data that were deposited in the public database by Itou et al. We note that we only used a part of the deposited data because the data included variable length sequences both with and without adaptor trimming (the data marked in Figure 1A were used in our analysis). We therefore focused on mapping patterns of piRNAs but not on amounts of mapped piRNA reads (normalized mapped reads are shown in Table S1 in Supplemental
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Current Biology 25, R693-R710, August 17, 2015 ©2015 Elsevier Ltd All rights reserved R709 Information, published with this article online). This does not affect the conclusion that de novo piRNA production occurs or not. We simply map the piRNAs from each library onto the transgene cassette (Miwi2 promoter-antisense EGFPpolyA). As shown in Figure 1B and 1C, the piRNAs from wild-type (non-transgenic) and the Oct4 promoter-sense EGFP-introduced mice do not map to the transgene sequence, indicating that artifi cial piRNA production does not occur in these mice. However, surprisingly, piRNAs clearly map to the transgene sequence of both strands of the Miwi2 promoter and EGFP regions when the piRNA library derived from the Miwi2 promoter-antisense EGFP strain is used ( Figure 1D ). This demonstrates that this cassette transcription is driven at both directions by unknown promoters that are located outside this cassette, and that expression of sense EGFP mRNA is not required for artifi cial piRNA production in this transgenic strain. This conclusion is also supported by the similar mapping patterns that are observed in the Miwi2 promoterantisense EGFP strain ( Figure 1D ) and sense/antisense EGFP-expressing strain ( Figure 1E ).
Our bioinformatic results strongly suggest the possibility that some of the transgene fragments are integrated into the active piRNA clusters in the Miwi2 promoterantisense EGFP strain. If this is true, the results by Itou et al. simply support the previous fi ndings in fl ies, mice, and silkworm that show that insertion of the transgene cassette into the active piRNA clusters is critical for de novo piRNA production against new, non-self elements [6] [7] [8] . In order to exclude this possibility, Itou et al. [2] attempted to identify the genomic loci where the transgene is integrated by capture sequence analysis. They used the 'typical' 821 piRNA clusters in the mouse genome in their in silico analysis. As pointed out by Hirano and Siomi [9] , this strategy does not fi nd 'unknown' piRNA clusters in the mouse genome. Thus, the results obtained by Itou et al. [2] do not fully exclude the possibility that the transgene fragments are integrated into active piRNA clusters in the Miwi2 promoterantisense EGFP strain.
On the basis of our re-analysis of the data of Itou et al. [2] , we believe that their initial conclusion that the concomitant expression of sense and antisense RNA transcripts is suffi cient for piRNA production is unwarranted. Further studies are required to understand the requirements for detection of non-self sequences in the animal genome and de novo generation of piRNAs against such sequences. Introduction of reporter constructs into the active piRNA clusters results in the production of piRNAs with ping-pong signatures [6] [7] [8] . However, proof-of-concept evidence for the ping-pong amplifi cation cycle of piRNAs has not been obtained yet. At present, the ping-pong pathway is just a proposed model on the bases of the bioinformatic analyses of the R710 Current Biology 25, R693-R710, August 17, 2015 ©2015 Elsevier Ltd All rights reserved resultant piRNAs. If we can monitor the behavior of each piRNA in cells, we will be able to show whether this pathway actually exists or not. Towards this goal, it will be necessary to develop a system in which piRNAs can be traced individually in their amplifi cation cycle.
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